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A. SPECIFIC HEAT OF SUPERCONDUCTORS NEAR THE CRITICAL
TEMPERATURE
1. Introduction
In the past few years very precise specific-heat data (1) have been obtained for those
superconducting elements for which the electronic contribution to the specific heat
represents an appreciable fraction of the total specific heat at the transition tempera-
ture. These investigations have primarily been concerned with the functional dependence
of the specific heat on temperature in order to compare the experimental results with
Bardeen, Cooper, and Shrieffer's theory of superconducitivity (2). But in most of these
investigations the temperature interval in the immediate vicinity of the critical temper-
ature was looked at in detail with a view toward establishing a precise value for T c .
From such experiments it is known that in pure metals the specific heat changes within
a temperature interval of the order of 0. 01 0 K around T from a value that is typical of
the normal state to a higher value that is characteristic of the superconducting state. In
aluminum (3) the change in specific heat occurs within a temperature interval of 0.002 0 K,
so that it is with some justification that the ideal superconductor is pictured as having
a discontinuity in the specific heat at the critical temperature.
On the other hand, there is a rather close analogy between superconductivity and
superfluidity in liquid helium which would suggest that, as with liquid helium, the super-
conducting transition is of the X type, although it may be that in order to observe such
a singularity it would be necessary to investigate pure, single-crystal specimens and to
use much finer temperature resolution in the measurements than has heretofore been
reported. Some support for this point of view is provided by the work of Kvasnikov (4),
who used the Bogolubov formulation of the Bardeen-Cooper-Shrieffer model of supercon-
ductivity to predict a contribution to the electronic component of the specific heat near
T of the form
c
3T 1/2
C t__ yTps T-T 2 c
where yT = C is the electronic contribution to the normal-state specific heat.pn
Tisza (5) has shown, on the basis of his reformulation of the theory of phase equi-
libria, that a X-type transition imposes important restrictions on the microscopic
theory by means of which it is desired to derive the properties of the low-temperature
phase. It would be desirable, therefore, if this question of a superconducting X-point
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could be decided experimentally.
The present report contains a description of an apparatus that can be used to meas-
ure the specific heat of a superconductor over temperature increments of approximately
10 - 4 .K with a relative precision of a few per cent. Experience gained from experi-
ments on tin and tantalum indicates that it should be possible to push the technique
to the point at which the specific heat of a specimen having a total heat capacity of
10 5 ergs/oK could be measured with a precision of 1 per cent with the use of 10 - 4 .K
temperature intervals. Such resolution would be adequate for detecting a singularity in
the specific heat as large as that predicted by Kvasnikov. The major difficulties asso-
ciated with the interpretation of data from a machine like this may well be occasioned
by an inadequate knowledge of the effects on the superconducting transition of impurities
and strain in the specimens.
Perhaps it should be mentioned that the problem of the form of the transition can be
investigated from another point of view. Since the critical field, H , of a supercon-
ductor must be zero at the critical temperature, T c, it follows from thermodynamic
arguments (6) that
VT (H 2
C Ccpn ps 41Tr aT
p
where C - C is the difference between the specific heat of the specimen in the nor-pn ps
mal and superconducting states at T . Evidently, any singularity in C must be
c ps
reflected in the behavior of the slope of the critical-field curve for temperatures
approaching T 
. 
It would appear to be easy, in principle, to establish the dependence
of He on temperature in the limit as T approaches T c, but it is difficult, in practice,
to define the critical field within 0. 1 gauss - for reasons that are primarily associated
with specimen geometry and decreasing sensitivity of the detection apparatus. Also,
it has been found in very precise work on tin (7), lead (8) and aluminum (9, 10) that an
anomalous broadening of the magnetic transition tends to obscure the results. Strangely
enough, this effect, which was present in single crystals of aluminum, was not found in
well-annealed polycrystalline specimens, and for the latter, H e could be established
within the limiting resolution of the apparatus, which was 0. 1 gauss.
2. Experimental Technique
a. Principle of the Specific-Heat Measurement
The technique that was used to measure the specific heat differed slightly from the
technique that is ordinarily used. The specimen was cooled to the desired temperature,
adiabatically isolated from its surroundings, and its rate of change of temperature,
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dT/dt, was plotted as a function of power input, q, supplied from a heater. The points
so obtained over a small temperature interval (approximately 0. 002K) lay along a
straight line whose slope was the reciprocal of the specific heat of the specimen because,
by definition, q = C (dT/dt). By virtue of its differential nature, this technique elimin-
ated the necessity of knowing the stray-heat input to the specimen, although this quantity
could be obtained directly by projecting the straight line (dT/dt) versus 4 to intercept
the axis representing power input at a negative value whose magnitude represents the
desired rate at which heat was being added to the system from all sources other than
the heater.
Having established that the stray-heat input to the calorimeter, x, was very constant
with time, the actual investigation was carried out by plotting, as a function of tempera-
ture, the time required for the specimen to warm (under the influence of k) through
temperature intervals of approximately 10 - 4 °K as the temperature of the system slowly
drifted through T 
.
b. Apparatus
A cross section of the calorimeter is shown in Fig. IV-i. The specimen, S, a cyl-
inder approximately 6 inches long and 1 inch in diameter, was suspended within a brass
vacuum jacket, V, by means of a basket, U, fabricated from thin strips of 0. 010-inch
oxygen-free, high-conductivity (OFHC) copper, soldered to a heavy copper ring. (See
footnote a.) Then the basket was suspended from the brass block, B, by means of three
nylon threads, N. (Footnote b.) Thermal contact between the copper basket and the
specimen was ensured by smearing the copper strips with a little (less than 0. 2 gm)
Apiezon-J oil. The assembly of Fig. IV-1 was supported from a room-temperature
pumping manifold by 4 thin-walled cupronickel tubes, T (one of which is not shown in
Fig. IV-1), and immersed in a bath of liquid helium. The tubes were also used to evac-
uate the calorimeter. Because helium gas is so difficult to pump out of a low-
temperature apparatus, no helium was allowed to enter the vacuum jacket except at the
end of a run when it was desired to calibrate the thermometer (a carbon resistor, C);
this made it necessary to place the specimen in close thermal contact with the helium
bath. The specimen was cooled to the desired operating temperature by placing it in
thermal contact with the upper part of the calorimeter through a mechanical heat switch
of the type described by Webb and Wilks (11). The jaws of the switch, J, were activated
by a spring-loaded plunger that could be raised by applying tension to a steel wire, W,
0. 012 inch in diameter, from a screw mechanism located on the room-temperature part
of the apparatus. The motion of this screw mechanism was imparted to the wire through
a Sylphon bellows vacuum seal. Good thermal contact between the jaws and the bath was
ensured by connecting them to the block, B, with short pieces of OFHC copper strips.
Good thermal contact between the jaws and the specimen was obtained by having the jaws
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grip an indium slug, I, soldered to the
Wj-t sT copper basket supporting the specimen.
R With this arrangement, 4. 5 moles of tin
could be cooled from 100*K to 4°I3 in
E approximately 12 hours. The perform-
ance of this switch was inferior to that
I described by Manchester (12) because
the specimen temperature could not be
brought very far below 3 "K, even when
c the bath temperature was reduced to less
than 2 K.
Two coils were wound on the speci-
s men and cemented in place with G. E. 7031
varnish. The first coil, which consisted
of 100 turns of 0.002-inch-diameter copper
wire with heavy Formex insulation, was
connected externally to a fluxmeter. By
Fig. IV-1. Cross section of the calo-
rimeter used in the specific- turning an external field of 10 gauss on
rimeter used in the specific-
heat experiments. or off, it was possible with this arrange-
ment to measure the low-temperature
resistivity of the tin specimen by applying the technique described in Section IV-B. This
coil and fluxmeter could also be used to detect the onset of superconductivity in the
specimen - an important point because it provided a preliminary calibration point for
the carbon resistance thermometer for the purpose of orientation. In the experiments
on tantalum this idea was carried a step further by attaching to the specimen a lead slug,
P, and pickup coil, K, by means of which it was possible to obtain a calibration point
for the carbon resistor at the critical temperature (13) of lead (7. 18*K). Since the
resistance of the carbon resistor varied almost exponentially with I/T, these two cali-
bration points sufficed to establish a rough correspondence between resistance and tem-
perature which proved to be very useful for checking the behavior of the apparatus during
preliminary experiments.
The second coil that was wound on the specimen was a 1500-ohm (at room tempera-
ture) heater, noninductively wound, of 0. 002-inch-diameter enameled Constantan wire.
This heater coil was provided with both current and potential leads so that its resistance
could be accurately measured over the temperature range of interest. In fact, the
resistance of the heater was found to vary less than 0. 2 per cent over the temperature
interval 3.5-4. 5"K.
The various electrical leads from the specimen were connected to the pins, E,
mounted in Teflon insulators pressed into the block, B. The 0. 002-inch Constantan
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wire leads had a total conductivity at 4 0 K that was estimated (14) to be approximately
0. 5 erg/sec/oK. The current leads to the heater were as short as possible, approxi-
mately 10 cm, in order to reduce the uncertainty in the magnitude of heater resistance,
but the other leads had lengths of approximately 30 cm to reduce their heat conduction.
(Footnote c.) Leads made of 0. 002-inch-diameter Constantan wire were taken from the
pins, E, anchored with G. E. 7031 varnish to the block, B, and brought out to a terminal
block, which was at room temperature, through one of the pumping tubes, T.
In order to reduce stray-heat input to the specimen from optical and molecular radi-
ation, carbon-coated radiation shields, R, were mounted in the tubes, T, and in the
vacuum chamber just below the entrances to the pumping tubes. These shields were
not really adequate; the stray-heat input to the specimen was approximately 7 or
8 ergs/sec, whereas it should be possible to reduce the radiation input (3,12) to a value
of less than 1 erg/sec. There was no evidence of acoustic heating of the specimen by
vibrations of the apparatus. This insensitivity to vibrational noise is believed to be
due, at least in part, to the fact that the calorimeter was rather rigidly suspended from
its room-temperature pumping manifold by four thin-walled, cupronickel tubes, 3/8 inch
in diameter.
A 0. 1-watt, 390-ohm nominal-resistance, Ohmite carbon-composition resistor was
used as a thermometer. The resistor, in its original coating, was mounted in a 0.067-
inch hole drilled through the specimen and anchored with G. E. 7031 varnish. Its resist-
ance at 4°K was 11,000 ohms, and was measured with the use of the 33-cps Wheatstone
bridge and tuned amplifier described by Blake, Chase, and Maxwell (15). The output
from the amplifier was fed into a Brush recorder, and with this arrangement it was
estimated that the resistance of the thermometer could be measured as the output from
the detector went through a null corresponding to a preset resistance value on the
bridge, to about 0. 02 ohm. A resistance of 0. 02 ohm represents a temperature incre-
ment of approximately 2 X 10 - 6 oK at 4*K. This sensitivity was achieved by driving
the bridge from a constant voltage source at approximately 100 my peak-to-peak, with
a consequent power input to the resistor of approximately 1 erg/sec at a resistance of
10,000 ohms. At the end of an experiment, the resistor was, in effect, placed in direct
thermal contact with the helium bath by means of a few millimeters of mercury exchange
gas and calibrated by comparing its resistance with the temperature of the helium bath.
The bath temperature was deduced from its vapor pressure by means of the vapor-
pressure tables of Clement, Logan, and Gaffney (16). During the vapor-pressure meas-
urements the bath was stirred continuously by a stream of bubbles from a heater at the
bottom of the dewar. In converting the vapor pressures into temperatures no correction
was applied for the hydrostatic head of helium above the specimen because the calori-
meter was 28 cm long; in such a situation it is not clear how the correction should be
applied. At worst, the correction would amount to some 40 cm of helium, equivalent
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to 0. 008 0K at 3. 6K, 0. 007 0K at 4 0 K, and 0. 004°K at 4. 50 K. This is the largest source
of uncertainty in the resistance calibration; fortunately, it is a systematic correction,
which is almost temperature-independent over the small temperature interval used in
these experiments, so that dR/dT should hardly be affected by it. The calibration data
were fitted by least squares to the equation proposed by Clement and Quinnell (17):
log 1 0 R + K/log 1 0 R = A + B/T, where A, B, and K are constants. No residuals in I/T
were larger than 0. 0002 0 K.
An effort was made to compensate the earth's magnetic field throughout the
volume of the specimen. For this purpose, the calorimeter was mounted at the
center of two pairs of mutually perpendicular square Helmholtz coils; each coil
measured 34 inches on a side. It was discovered that, unfortunately, the labora-
tory is infested with field gradients of approximately 1 milligauss/cm, so that the
field across the whole specimen could only be compensated to 0.01 gauss. The
currents required to anull the earth's field at the center of the specimen were
measured before and after a run, an interval of perhaps two weeks, and in each
case the currents were found to be the same within an increment corresponding
to 5 milligauss. (See footnote d.)
Table IV-1. Analyses of the specimens used in specific-heat experiments.
A spectrographic search was made for:
Ag, Al, As, Au, B, Ba, Be, Bi, Ca, Cb, Cd, Ce, Co, Cr, Cs,
Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Hf, Hg, Ho, In, Ir, K, La,
Li, Lu, Mg, Mn, Mo, Na, Nd, Ni, Os, P, Pb, Pd, Pr, Pt, Ra,
Rb, Re, Rh, Ru, Sb, Sc, Si, Sm, Sn, Sr, Ta, Tb, Te, Th, Ti,
T1, Tm, U, V, W, Yb, Yt, Zn, Zr.
Tantalum Tin
Elements Present Estimated Concentration Elements Present Estimated Concentration
(parts per million) (parts per million)
Cb 20 Ag 25
Cr 10 Al 40
Cu 1 Cu 6
Mo 1 Fe 20
Si 2 Mg 5
Mn 2
Pb 1
Si 5
Total 34 104
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3. Results
a. Tantalum
The tantalum used in this investigation (see footnote e) was received in the form of
a slug, 6 inches long and 1. 5 inches in diameter, from which a 1-inch (diameter) cyl-
inder, with hemispherical ends, was machined. After machining, the rod was annealed
in a vacuum of 2 X 10 - 4 mm Hg pressure at a temperature of 1600'C for half an hour.
A few of the tantalum turnings were analyzed spectrographically (see footnote f),
with the results that are listed in Table IV-1. The total mass of the specimen was
1205 grams, equal to 6. 66 moles.
q = 12.6 ergs/sec
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Fig. IV-2. Behavior of the specific heat of tantalum near the critical tem-
perature. The parameter L is roughly proportional to the specific
heat of the specimen.
In Fig. IV-2 are displayed the results from two successive runs in which the speci-
men was warmed in zero magnetic field from a temperature below the transition
temperature to a temperature above it. The parameter L is the distance between
successive null points, corresponding to resistance increments of 1 ohm, as measured
on the chart paper of the Brush recorder connected to the output of the carbon resist-
ance bridge. The chart speed was measured as 0.5 cm/sec within 0.1 per cent, so that
9500
4.401
R (OHMS)
T(oK)
----
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L measurements can be converted to time rate of change of resistance, dR/dt = 1/Z L,
and, ultimately, to rate of change of temperature with time from the carbon resistance
calibration curve,
dT 1 dR 1
dt dRdT ZL(dR/dt)
Since
C = q (2)
It follows that for constant rate of heat input, q, variations of the parameter L can be
considered to indicate the behavior of the specific heat of the specimen. Each point on
the curves shown in Fig. IV-2, therefore, corresponds to an average of the specific
heat of the specimen over a temperature interval of approximately 10-4 .K. The relia-
bility of an individual point can be estimated from the scatter in the data, which is
approximately 1 part in 15. These two runs were made about 24 hours apart, and the
stray-heat input amounted to 8 ergs/sec, so that - judged from the reproducibility of the
data -this stray-heat input was constant over long periods of time. However, the
scattering of the data during any one run is consistent with the hypothesis that the heat
input was fluctuating by approximately 1 erg/sec over short periods of time.
The absolute value of the specific heat of the specimen was also measured for
several temperatures around T c , more in order to check the apparatus than to attempt
R = 10, 21
T = 4 282*K
aT = OOO02K
S 
=
2.15 x 10
10
74 ergs/sec
20 30
Fig. IV-3. The parameter 1/L
of the straight line,
specific heat of the
specimen.
versus applied power input, q. The slope
S, is proportional to the reciprocal of the
specimen; :i is the stray-heat input to the
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a precision measurement. For each point, the reciprocal of the parameter L was
measured as a function of power input over a temperature interval of approximately
0.002K; the results for a typical case are shown in Fig. IV-3. The slope, S = d(L-1)/dq
is related to the specific heat by
2(dR/dT)
C = S (3)p S
a result that follows directly from Eqs. 1 and 2. From the same data, the rate of stray-
heat input to the specimen can be obtained (see Fig. IV-3). It should be mentioned that
the heater and carbon resistor were coupled very tightly to the specimen; no time lag
(within the 1-sec response time of the amplifier) was ever observed between the time at
which a given power input to the heater was started or stopped and the time at which the
time rate of change of resistance assumed a steady-state value corresponding to the new
heating rate. This was true for heating rates as high as 500 ergs/sec - a value that is
an order of magnitude greater than the power inputs normally used in the course of this
experiment.
To obtain the specific heat of the tantalum specimen it was necessary to subtract
from the total specific heat a contribution arising from the copper basket plus copper
coils (18 gm) (ref. 18), Constantan heater (0. 15 gm) (ref. 19), lead (8 gm) (ref. 20),
indium (2 gm) (ref. 21), J-oil (0.2 gm) and an estimated 1.5 gm of G.E. 7031 var-
nish (ref. 3) plus paper insulation. At 4. 5°K the total addenda amounted to 20 ± 7 milli-
joules/oK, or 7 per cent of the total specific heat. The large uncertainty in the addenda
correction arose almost entirely from an uncertainty as to the exact amount of varnish
and J-oil that was used. No correction was made for the carbon resistor because if
one scales down by a factor of 5 the estimate made by Clement and Quinnell (17) for the
specific heat of a 1-watt resistor at 3°K, then a 0. 1-watt resistor would have a specific
0,020- TANTALUM
O THIS WORK
A WHITE,GHOU 5 JOHNSTON O z
0015-
OO 0
0 0
00
A
L 0 0
0005
3.0 40 5.0
T (IK)
Fig. IV-4. Molar specific heat of tantalum as a function of temperature.
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Fig. IV-5. Behavior of the specific heat of tin near the critical temperature.
The parameter L is roughly proportional to the specific heat ofthe speci en.
heat of approximately 103 ergs/oK at 5 0 K - a negligible amount in these experiments.
The specific heat data for tantalum are shown in Fig. IV-4, along with the data of White,
Chou, and Johnston (22). The agreement between the two sets of data is excellent,
except for the value of Tc. From the present results it follows that if the critical tem-
perature is defined as the mean temperature over which the transition occurs, then
T = 4.350 K. White et al. estimate T = 4.390 K. This discrepancy is almost certainlyc c
larger than the error in either measurement and suggests that the specimen used by
White et al. was of somewhat better quality than the one used in the present work (23).
b. Tin
The cylinder of tin (1 inch in diameter, 6 inches long) used in these experiments
weighed 528 grams, equal to 4. 45 moles. (Footnote g.) A piece of the specimen was
analyzed spectrographically by the New England Laboratories, Inc. Results are listed
in Table IV-1. The specimen consisted of an aggregate of single crystalline regions of
the order of 1 cm on a side, and had a resistivity at 4°K of p = 1. 5 X 10- 9 ohm-cm, as
deduced by means of the technique described in Section IV-B. This is a resistivity
approaching the best value (24) previously reported (p = 5 X 1010 ohm-cm). From the
data of Kunzler and Renton it appears that the mean-free path for the electrons in this
specimen was of the order of 0. 1 mm.
In Fig. IV-5 the dat- for the behavior of C in the neighborhood of the critical
p
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mately 3 hours, and a new run was begun approximately one hour after the end of theprevious one. Here, as in the tantalum experiments, the stray-heat leak to the speci-
A 0
ti gat d. 25 A
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Fig. IV-6. Dependence of the molar specific heat of tin on temperature.
temperature are presented. Three sets of data are shown. Each run lasted approxi-
ately  ours, nd  ew un as egun proximately ne our fter he nd f he
previous one. Here, as in the tantalum experiments, the stray-heat leak to the speci-
men was quite constant with time, and amounted to some 8 ergs/sec. Run no. 2 was
measured with the specimen in a field of 0.4 gauss (the vertical component of the earth's
field), although the tin was cooled to temperatures lower than T c in zero field. It is
interesting to note that the field had no apparent effect on theat data to indicate transition, although the
transition temperature should have been shifted 0. 0025tK according to the parabolic law
for tin (25), Hc = 303[considerab-(T/3. 72)2more]. Unfortunately, this point was not noticed until the
data from the experiment were reduced, so that the effect of larger fields was not inves-
tigated.
In Fig. IV-6 the results of the measurement of the absolute value of the specific heat
of tin are presented, together with data of Corak and Satterthwaite (25) for comparison.
The agreement between the two sets of data is excellent. The points in Fig. IV-6 marked
"best data" were obtained from plots of I/L versus q by using three or more different
heating rates; only two different power inputs were used to obtain the other data.
Addenda corrections for the tin data were similar to those for tantalum except that the
lead cylinder and search coil, used in that experiment to obtain a rough calibration of
the thermometer, were dispensed with. The heat capacity of the addenda at 3. 8 0 K was
5. 9 ± 2 millijoules/°K, or 5 per cent of the total specific heat.
4. Conclusions
With a temperature resolution that was an order of magnitude better than that previ-
ously reported, there is still no evidence from the specific-heat data to indicate that the
superconducting transition in tin or tantalum is of the X-type. For each of these metals,
the transition was considerably more extended in temperature than had been expected.
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The cause of the broadening is not known, but every effort will be made to extend the
measurements to purer, and if possible, to single crystalline specimens. In addition,
it is planned to revise the apparatus so that the magnitude of stray-heat input to the
specimens will be reduced and, also, so that the superconducting transition in aluminum
(Tc=1. 2 K) can be investigated. Aluminum is unique in that it exhibits a very nearly
ideal Meissner effect. If it turns out that the superconducting transition is not a k-
transition, it would be interesting to know how closely it approximates the ideal concept
of a second-order transition for the limiting case of a pure, unstrained specimen.
J. F. Cochran
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Footnotes
a. All soft solder joints in the calorimeter were made with a cadmium bismuth
eutectic solder. This solder does not become superconducting until the temperature is
reduced to 0. 5 K.
b. A stranded nlyon thread, 0. 010 inch in diameter (Nymo-Tee, size C), made by
Belding and Corticelli of New York, N. Y. The strain for this thread is very nearly pro-
portional to applied load, up to the maximum load of 4. 7 lbs. The strain at rupture is
25 per cent.
c. In the specific-heat calculations an effective heater resistance that was equal to
the actual heater resistance (approximately 1400 ohms) plus one-half of the resistance
of the current leads (a correction of approximately 23 ohms) was used.
d. These measurements were made by means of a magnetic null detector invented
by Professor E. Maxwell of the Low Temperature Laboratory. Essentially, the instru-
ment consists of an air-driven rotor, 1 inch in diameter and 1 inch long, made of lami-
nations of magnetic material of high permeability, which induces an alternating signal
of approximately 1 volt/gauss in a pair of pickup coils surrounding the rotor.
e. This tantalum, which was prepared by the National Research Corporation,
Cambridge, Massachusetts, was claimed to have no more than 10 parts per million of
carbon, 15 parts per million of nitrogen, and 60 parts per million of oxygen.
f. The spectrographic analyses were made by the New England Laboratories, Inc.,
Ipswich, Massachusetts.
g. The specimen was supplied by the United Mineral and Chemical Corporation,
New York, and was cast by them in Pyrex from 99. 9999 per cent pure tin.
B. MEASUREMENT OF RESISTIVITY BY MEANS OF EDDY-CURRENT DAMPING
Consider a long cylinder of radius R and conductivity r, situated in a magnetic
field H , and surrounded by a search coil of N turns connected to a fluxmeter of sensi-a 2
tivity S mm/gauss cm2 (Fig. IV-7). Assume that the external field is turned off. If
LUXMETER
Fig. IV-7. Schematic diagram of the arrangement
used to measure the resistivity of a cyl-
indrical specimen by means of eddy-
current damping.
the time-constant associated with the field source is short enough, the fluxmeter
deflection will increase with time at a rate that depends upon the decay of eddy cur-
rents in the specimen. The problem is to relate the decay time of the eddy currents
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in the metal to the conductivity.
From considerations of symmetry, the eddy current density, j, where j = a-E, will
have only a 0-component and will depend only upon r. The magnetic field, H, will have
only a z component that depends only on r. It follows from Maxwell's equations (with
displacement current neglected) that
1 a (/ H) 4ro- aH
r ar ar -r - 2 t (1)
c
Here, H is in gauss, c is in cm/sec, and a- is in es units. The solution of Eq. 1 is
c0 ' (pr-\ pV / 9 9
H = Ha H Joa) exp c p tct (4rR 2 ) (2)
where J is a Bessel function of the zeroth order, and pn is the n t h root of J .
The constants Hn must be chosen so that the field at the surface of the specimen
follows the decay of the external field. In a practical situation we can assume that
the time constant associated with the decay of the external field is zero, and in
that case H 1 = 1. 60. The time constants for the successive terms in the series,
Eq. 2, become shorter, and for times for which t > T1 , where T = 4wR -R/p2c
we can set H = 1. 60 Ha Jo((P r)/R) exp(-t/T 1).
The flux through the search coil around the specimen is
2N exp(-t/T1 )
= 42R NH = 0. 69 1rR NHa exp(-t/T)
P1
The fluxmeter measures the change in flux through the search coil so that its deflection
will be given (for t > T 1 ) by
6 = A + 0. 69 wR2 NHaS(1-exp(-t/T 1))
where A is the fluxmeter deflection which has occurred prior to t = T 1. If A is the
maximum deflection observed on the fluxmeter, then (A-6) = 0. 69rrR 2 NHaS exp(-t/T 1 ).
Therefore T 1 can be obtained from the slope of In(A-6) plotted against time.
4. 14T 4. 60T1 2 0  1 8
- 2 X 10 esu = 2 X 10 mhos/cm
R R
In Fig. IV-8 are shown the results of observations made on the response of a flux-
meter connected to a 100-turn coil wound on the tin cylinder (2.5-cm diameter) used for
the specific-heat measurements. The fluxmeter was a Leeds and Northrup type 2430-D
galvanometer, that had 0. 0004 vLa/mm, 26,000-ohm critical damping resistance, and a
sensitivity of 1. 3 X 10- 3 mm/gauss cm 2 . For this specimen, a- = 6. 5 X 108 ohm/cm,
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r = 22 SEC
APPLIED MAGNETIC
FIELD = 8 GAUSS
TIME (SEC)
Fig. IV-8. Fluxmeter response for the removal of an 8-gauss field from
the tin cylinder used for the specific-heat measurements.
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and p = 1.5 X 10 ohm-cm.
The same sort of analysis is applicable to a transformer in which the primary is
connected to a fluxmeter, and the secondary consists of a superconducting coil with the
resistance that is to be measured placed in series with it. If a field that threads through
both primary and secondary is suddenly reduced to zero, a current that decays with a
time constant T = L/R will be induced in the superconducting coil. As the current in the
secondary changes with time, so also will the fluxmeter deflection change in response
to the flux changes occurring in the primary circuit. From the fluxmeter response,
then, T can be measured, and R can be obtained. This technique should prove useful
for specimens having resistivities that are too large for the eddy-current method to be
applicable.
J. F. Cochran

